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1. Introduction

Plasma display panel (PDP) has gained
much attention for a high definition TV, since it is a
flat, thin, and large-size display. PDP has been
already commercialized for public and individual use.
However, in spite of many experimental efforts, the
display performances are still unsatisfactory and the
lifetime of the PDP is one of the main unsatisfactory
performances. Sputtering of the protecting layer by
the energetic plasma particles during the discharge
process is one of the important factors that limit the
lifetime of the PDP. Hence, MgO thin film is regularly
used for the protecting layer in the PDP because of
its high anti-sputtering and secondary electron
emission abilities [1-3].

The sputtering of the MgO protecting layer
in the PDP is caused by the attack of the energetic
plasma particles. Moreover, experimentally it is
pointed that the electric charges accumulated in the
MgO surface also degrade the protecting layer
under the plasma condition. However, the
experimental observation of the above effect is very
difficult and the theoretical analysis is strongly
demanded. Especially, the information on the effect
of the surface orientation of the MgO protecting layer,
such as (001), (011), and (111), is strongly desired,
since this information suggests the best MgO
surface structure having low sputtering yield.

Hence, we applied our accelerated
quantum chemical molecular dynamics program
Colors to the dynamic behaviors of the MgO surface
under the electric field conditions to investigate the
MgO surface stability depending on the surface
orientations. Especially, since previously there is no
program which can simulate the electric field
condition considering both the dynamics and
electronic states, we developed a new program for
the present purpose in this study.

492

2. Development of New Simulation Program

Recently, we have succeeded in the
development of an accelerated quantum chemical
molecular dynamics program Colors based on our
original tight-binding theory. Since the above
program is more than 5000 times faster than the
regular first-principles molecular dynamics program,
it can perform long-time simulation with the large
system. The validity and applicability of the above
program were already confirmed in the various
topics [4-5]. In the present study, we modify the
above accelerated quantum chemical molecular
dynamics program Colors in order to consider the
electric fields in the dynamics simulations.

3. Results and Discussion

We investigated the dynamics of the three
different MgO surfaces, (001), (011) and (111) under
0.1, 0.15, 0.2, and 0.3 V/ A electric fields.

Previously, we performed the crystal growth
simulation of the MgO(111) surface and clarified that
MgO(111) surface is not flat and has quantum dot
structure covered by (001) and (011) surfaces.
Hence in the present study, as a MgO(111) model
we employed the quantum dot structure with (111)
orientation covered by (001) surfaces.

Fig. 1 shows the dynamics of the
MgO(001) surface at 0.15 V/A. We can observe that

the oxygen atom of the topmost surface is pulled up
compared to the Mg atoms, which is caused by the
electric field. This result indicates that our program
can simulate the effect of the electric field condition
to the stability of the MgO protecting layer. Fig. 2(a)
shows the final structure of the MgO(001) surface at
0.2 V/A after the simulation. The vaporization of the
oxygen atom from the MgO(001) surface is
observed. This result indicates that the electric
charges accumulated in the MgO surface degrade



the MgO protecting layer, which confirms the
experimental prediction on the effect of the
accumulated charges on the surface stability. Fig.
2(b) shows the final structure of the MgO(001)
surface at 0.3 V/A. The evaporation of a large MgO

cluster is observed. It indicates that a large
accumulated electric fields significantly degrade the
MgO protecting layer.

Table 1 shows the effect of the orientation
of the MgO surfaces on the vaporization of the
atoms or clusters of the MgO surface. In this table,
“not" means that the evaporation of the atoms or
clusters was not detected, while "evap." means that
the evaporation of atoms or clusters was detected.
These results indicate that the surface orientation
greatly influences the stability of the MgO surface
and that the MgO(011) surface has lowest stability
and the MgO(111) surface has highest stability.

It is experimentally well known that the
MgO(111) surface has lowest stability among (001),
(011), and (111) surfaces, which is against our
. present results. However, our MgO(111) model is
- not real (111) surface. It has quantum dot structure
with (111) orientation covered by (001) surfaces.
Hence, we suggests that MgO quantum dot
structure with (111) orientation covered by (001)
surfaces has the highest stability compared to
MgO(001) and MgO(011) surfaces.

4. Conclusion

Our new program enables us to clarify the
effect of the electric fields on the stability of the MgO
protecting layer in the PDP, considering both the
dynamics and electronic states, which can not be
done by the previous simulation programs.
Moreover, we suggested that the MgO quantum dot
structure with (111) orientation covered by (001)
surface has the highest stability compared to
MgO(001) and MgO(011) surfaces. Finally, we
recommended that our MgO(111) model is most
favorable for the protecting layer in the PDP.
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Fig. 1 Dynamic behavior of MgO(001) surface at
0.15 V/A.
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Fig. 2 Final structures of MgO(001) surface at (a)
020 VVA and (b) 0.30 V/A after the

simulation.
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Table 1 Effects of the orientation of the MgO
surfaces and electric fields to the stability of
the MgO surfaces.

(001) (011) (111)
0.10 V/A not not not
0.15V/A not evap. not
0.20 V/A evap. evap. not
0.30 V/A evap. evap. evap.




